of wound exudates for clostridial toxins. J. Bacteriol. 87:623-629. 1964.-Earlier studies indicated that death of goats with traumatic wounds of the hindquarter could be related to the number of clostridia in the wounds, and that toxicity of wound exudates for mice and guinea pigs could be partially neutralized by commercial trivalent gas gangrene antitoxin. This report describes in vitro and in vivo analyses of wound exudates for known clostridial toxins. Wounds were produced by detonation of highexplosive pellets. Wound exudates were obtained by cold saline extraction of both necrotic tissues and gauze sponges used to cover the wounds. Exudates were sterilized by Seitz filtration in the cold. In vitro tests were used to measure alpha-, theta-, and mu-toxins of Clostridium perfringens and the epsilon-toxin of C. novyi. Mouse protection tests, employing commercial typing antisera, were used to analyze exudates for other clostridial toxins. Lethality of wound exudates for mice could be related to (i) the numbers of clostridia present in the wound, (ii) survival time of the goats, and (iii) positive lecithovitellin (LV) tests of the exudates. However, the LV tests could not be neutralized by antitoxin specific for C. perfringens alpha-toxin. Mice were not protected by typing antisera specific for types A, C, or D C. perfringens or C. septicum but were protected by antisera specific for type B C. perfringens and types A and B C. novyi.
were used to analyze exudates for other clostridial toxins. Lethality of wound exudates for mice could be related to (i) the numbers of clostridia present in the wound, (ii) survival time of the goats, and (iii) positive lecithovitellin (LV) tests of the exudates. However, the LV tests could not be neutralized by antitoxin specific for C. perfringens alpha-toxin. Mice were not protected by typing antisera specific for types A, C, or D C. perfringens or C. septicum but were protected by antisera specific for type B C. perfringens and types A and B C. novyi.
In earlier studies on an experimental wound originally standardized by Ochsner, Jacob, and Mansberger (1958) (Lindsey et al., 1959) . It was further demonstrated that the toxicity of wound exudates for mice and guinea pigs could be partially neutralized by commercial trixvalent gas gangrene antitoxin . rhis paper describes analyses of wound exudates for know-n clostridial toxins. Su( h information would be important in the formulation of toxoids and antitoxins to be used for prophylaxis and therapy of clostridial infections.
MATERIALS AND MIETHODS Animnals. The principles of laboratory animal care as promulgated by the National Societv for Medical Research were observed throughout this study. Castrated male Texas Angora goats, 5 to 8 years old and weighing 30 to 50 kg, were used. The production of wounds and the handling of the animals before and after wounding were as previously described (Ochsner et al., 1958) .
Briefly, massiv-e unilateral wounds were produced by the detonation of high-explosive pellets placed over the lower third of the thigh of anesthetized goats. Untreated, the unilateral preparation was uniformly lethal in al)lroximately 30 hr.
Antibiotic therapy. Penicillin-treated animals received 300,000 units of procaine penicillin G and 1,000,000 units of crystalline penicillin G potassium intramuscularly immediately after being wounded, and every 12 hr thereafter, until death.
Sampling of wouind specimiiens. Wounds were covered with sterile gauze sponges (4 in. by 4 in.) at the time of wounding. New sponges were placed in the wounds 4 hr before sampling, at which time sponges were wrung out by hand, and the wound juices were either immediately filtered through Seitz filters or frozen in vaccine bottles where thev remained until thawed and filtered at 4 C. New sponges were placed in the wounds for each subsequent sample. Within 30 min after death of the animals, obviously necrotic tissues were removed from the wvound site and frozen in plastic bags placed in Dry Ice. Subsequently, these tissues were thawed, diced, and dialyzed overnight against pyrogen-free physio logical saline at 4 C. Contents of the dialysis bags w-ere centrifuged at 15,000 rev/min for 2 to 6 hr in a Servall SS-i centrifuge, after which supernatant fluids were Seitz-filtered at 4 C.
Bacteriological studies. The streak l)late technique described by Lindsey (1959) . . In vitro toxin assays LV assays were performed on exudates from 32 goats. The end point for the presence of lecithinase was arbitrarily chosen a 2+ reaction at a dilution of 1:20, because the viscosity and free fat present in the exudates precluded reliable readings at lower dilutions. In untreated goats, some positive tests were noted as early as 6 hr postwounding, after which there was a steady increase until 94% of these goats had LV-positive exudates at 16 hr after wounding (Fig. 1) . During this same period, only one-third of the penicillin-treated goats had positive LV exudates. Rarely were there positive LV titers at 1:40 or greater dilutions. Furthermore, preparations containing antitoxins against C. perfringens alpha-toxin and C. novyi beta-and gamma-toxins never completely blocked LV titers, although, in some instances, the titers were reduced. It was further noted that LV titers of wound exudates decreased during storage.
Assays for theta-toxin were made in phosphate buffer to inhibit any alpha-toxin present.
Exudates from all goats were hemolytic in this system, and hemolytic titers closely paralleled the results obtained for alpha-tox-in in each goat.
For the present, the hemolytic activity cannot be designated as theta-toxin, because no monovalent antitheta-antitoxin was available Assays for hyaluronidase indicated that the amounts of this enzyme paralleled those obtained in the determinations of alpha-and theta-toxins. Positive hyaluroni(lase tests were partially inhibited bv commercial trivalent antitoxin.
Assays for C. novyi epsilon-toxin were not carried out early in the study, so the time of its appearance in wound exudates is not known. However, all specimens pooled for in vivo studies (see below) were positive for epsilon-toxin, in that sterile filtrates gave a pearly layer on egg yolk plates.
In vivo studies (mice). When sufficient volumes were available after in vitro studies, the toxicity of wound exudates from untreated goats was compared with exudates from goats treated with penicillin (Table 3 ). It was found that the exudates from untreated goats were more toxic and that the toxic factor(s) was present earlier. Lethality of wound exudates appeared to be related to (i) the number of clostridia present, (ii) positive LV tests, and (iii) survival time of the goats.
It was necessary to pool specimens for extensive animal studies. These pools were made up of late specimens of wound exudate fluids extracted from tissues removed at autopsy. A typical pooled preparation contained 6 mg of nitrogeni per ml vith approximately 5 mouse MLD per mg of N. Attempts to increase this ratio by fractionation with salts or ion-exchange resins were unsuccessful. In general, any procedure removing protein from the exudates removed proportional amounts of toxic materials. Toxicity was completely destroyed by heating exudates at 56 C for 10 min, a procedure which also denatured protein constituents of the exudates. Mice could be protected by intraperitoneal administration of commercial trivalent antitoxin 4 hr prior to intravenous injection of exudates. Clostridial typing sera (Table 1) were used in an attempt to determine which of the known toxins were present in the exudates. Typing sera were added to samples of sterile exudates, and after incubation at room temperature for at least 30 min the mixtures were injected intravenously into mice. The results (Table 4) show that mice were not protected against exudates by specific antisera to types A, C, and D C. perfringens or C. septicum.
Protection was afforded by antisera to C. perfringens type B and by antisera to C. novyi types A and B. These three typing sera were further titrated (Table 5) , and it was shown that complete protection could be afforded by very small quantities. Other lots of C. perfringens typing sera were tested, and the similar results noted could not be related to known antitoxins.
DISCUSSION
It should be noted that, although the techniques used for creating these wounds and carrying out bacteriological studies were essentially the same as those used in earlier studies, important changes occurred in the bacterial flora. The most important of these changes was an increase in the number of wounds containing C. novyi and C. sporogenes. In the earlier studies, these organisms (1962) concluded that the enzymes are apparently not found free in fresh human wound exudates or mus,cle extracts, althouglh they ma-appear after 12 to 18 hr due to the multiplication of organisms in the sample in vitro. Results obtained in this study do not appear to be the result of in vitro toxin lpro(luction, because in soime instances the time fromii removal of exudates from the goat to setting up of in vitro and in vivo tests with filtered exudates was less than 30 min. The l)oint could he made that toxins formed in necrotic tissues are not formed in vivo. Aimore iml)ortant question is whether these toxins play a role in the death of the goat. The demonstration of toxins in these wN-otundIs is no proof that their absorption into the circulation of the goat occurs, but it has been showvn that I'll-tagged human serumii albumin is readily absorbed from these wounds (Wise et al., 1958 (Smith, 1955) . These same results rule out beta-, delta-, and epsilon-toxins, which are formed by other tyl)es of C. perfringens.
Other nonlethal toxins associated with C.
perfringens are lambda, the "circulation factor"
of Ganley, 1\erchant, and Bohr (1955) , the "bursting factor" of Fredette and Frappier (1946) , and the fibrinolysin of Reed, Orr, and Brown (1943 
